
US006030489A 

United States Patent (19) 11 Patent Number: 6,030,489 
Hwang (45) Date of Patent: Feb. 29, 2000 

54). APPARATUS FOR CONTROLLING ETCH 5,138,973 8/1992 Davis et al. ............................ 118/723 
RATE WHEN USING CONSUMABLE 5.245,153 9/1993 Singer et al. ... ... 219/76.15 
ELECTRODES DURING PLASMA ETCHING 5,336,355 8/1994 Zarowin et al. ........................ 156/345 

5,344,542 9/1994 Maher et al. ... ... 204/298.15 
5,354,413 10/1994 Smesny et al. ......................... 156/627 

75 Inventor: Yuan-Ko Hwang, Hualien, Taiwan 5,387,842 2/1995 Roth et al. ......................... 315/111.21 
5,635,021 6/1997 Harafugi ................................. 438/714 

(73) Assignee: Taiwan Semiconductor 5,645,642 7/1997 Nishizato et al. 118/692 
Marylaturing Company, Ltd., 5,652,029 7/1997 Itoh ......................................... 427/569 
SIn-Unu, LaTWan 

Primary Examiner Bruce Breneman 
21 Appl. No.: 09/345,355 Assistant Examiner-Luz Alejandro 
22 Filed: Jul. 1, 1999 Attorney, Agent, or Firm--George O. Saile; Stephen B. 

9 Ackerman 

Related U.S. Application Data 57 ABSTRACT 

62 Division of application No. 08/787,196, Jan. 22, 1997. A method and apparatus to improve process control during 
51) Int. Cl." ............................... C23F1/02, C23C 1600 plasma etching of semiconductor Substrates. Improvements 
52 U.S. CI. 156/345; 118/723 E. 118/712 are directed towards controlling the rate of etching when 
58) Field of search - - - - - - - - - - 156/345; is/723 R using consumable electrodes. Consumable electrode mate 

118/723 E72.73.71 4 715, 204/29s 03. rials are used to increase Selectivity in certain plasma 
s s s s s 29s 33 etching processes as in Via. contact. or in SOG etch. A 

consumable electrode material has a Significant effect on 
56) References Cited processing time due to changing gap dimension between 

electrodes. This invention teaches how to adjust for process 
U.S. PATENT DOCUMENTS variables by using feedback from two Strategically placed 

3,708,419 1/1973 Low et al. .............................. poss pressure manometers. 
4,609.562 9/1986 Isenberg et al. ............................ 427/8 
4,886,547 12/1989 Mizukami .............................. 75/0.5 C 6 Claims, 7 Drawing Sheets 

  



U.S. Patent Feb. 29, 2000 Sheet 1 of 7 6,030,489 

FI C. 2 

  



U.S. Patent Feb. 29, 2000 Sheet 2 of 7 6,030,489 

6O Drive gop to set 
point with 

col cuoted gop Count 
from home position 
by using gop driver 

Drive gop bock 
to home position 
by using gop 

driver 

Supply gos Ond 
control process 
pressure (CP) by 
using pressure 
contro er Ond 
throttle vol ve 

Col cu lot e new 
gop Count by 
using gop 
controller 

Reod GP by using 
GP monometer 

Wo fer count 
set point? 

Rese t w of er 

to O 

HI G. 3A 

Accumulate processed 
wafer (wo fer count) 

    

    

    

    

    

  

  

  

  

    

    

  

  

  

  

  

  

  

    

  

  

  



U.S. Patent Feb. 29, 2000 Sheet 3 of 7 6,030,489 

61 Drive gop to set 
point with 

col cuoted gop count 
from home position 
by using gop driver 

Drive gop bock 
to home position 

by using gop 
driver 

Supply gos Ond 
control process 
pressure (CP) by 
using pressure 
contro er Ond 
throtte v O. ve 

Col cuote new 
gop Count by 
using gop 
contro er 

Reod GP by using 
GP monometer 

GP = 
set point? 

Continue process 

FI C. 3B 

    

  

  

  

  

  

    

  

  

  

  

  

  

    

  



6,030,489 U.S. Patent 

HIC. 4 

FI C. 6 

  



U.S. Patent Feb. 29, 2000 Sheet S of 7 6,030,489 

FI C. 6 

  



6,030,489 

(OO ? „) u 3 g DNA pes se oo u d OZ O L O GZ G L G O2 OZ O L O G | G 09` OZ O | O 

Sheet 6 of 7 U.S. Patent 

  



U.S. Patent Feb. 29, 2000 Sheet 7 of 7 6,030,489 

O 
O) 

O 
CN 

O 

O 

CN 

O ea 
y O 

O 
O y 

N/ 

S 
CD 

O a 
CN O 

S 
O 

O 
GD 

O (D 
f 
D 

O 
h 

O 

O 
m) 

O 
CN 

O 

O OO 

5 
s 

  



6,030,489 
1 

APPARATUS FOR CONTROLLING ETCH 
RATE WHEN USING CONSUMABLE 

ELECTRODES DURING PLASMA ETCHING 

This is a division of patent application Ser. No. 08/787, 
196, filing date Jan. 22, 1997, Method And Apparatus For 
Controlling Etch Rate When Using Consumable Electrodes 
During Plasma Etching, assigned to the same assignee as the 
present invention. 

BACKGROUND OF THE INVENTION 

(1) Technical Field 
This invention applies generally to plasma etching of 

Semiconductor materials and more particularly to a novel 
proceSS and apparatus for maintaining the gap between a 
consumable upper electrode and a lower electode, thereby, 
maintaining a more effective etching rate. 

(2) Description of the Prior Art 
The following three documents relate to various methods 

dealing with moveable electrodes in plasma etch Systems. 
U.S. Pat. No. 5,354,413 issued Oct. 11, 1994 to Smesny 

et al, discloses an electrode position controller for a Semi 
conductor etching device that is calibrated each time the 
etching device is turned on. 

U.S. Pat. No. 5,344,542 issued Sep. 6, 1994 to Mahar et 
al, teaches a plasma etch System that has electrodes that are 
moveable So as to provide a Selectable gap for either a single 
or multiple Step processing modes. 

U.S. Pat. No. 5,336,355 issued Aug. 9, 1994 to Zarowin 
et al, shows a method and apparatus for confinement of a 
plasma etch region for precision Shaping or contouring 
Surfaces of Substances and films. 

It is well known that during the manufacturing of Silicon 
based Semiconductor devices the goal of the contact or via 
etch processes is to obtain a minimum dimension, high 
aspect ratio hole in Silicon dioxide with Straight walls, and 
Selectivity to etch Silicon or polysilicon. 
The gas ratio of F:C (Fluorine:Carbon) limits the Selsec 

tivity of silicon dioxide to etch either silicon or polysilicon 
during the etching process. Varying this ratio directly affects 
Selectivity. Fundamentally, Selectivity can be increased by 
reducing the F radical concentration or by increasing the C 
radical concentration. The fluorine atoms contribute to a 
faster etch rate on Silicon than on Silicon dioxide thereby 
reducing Selectivity. Carbon atoms, on the other hand, 
operate as a polymer Source that Slows the etch rate thus 
increases Selectivity. It has been found that Selectivity can be 
increased significantly by adding H which reacts with F to 
form HF so that the F concentration in process is reduced. 
It is also found that Selectivity is reduced by adding oxygen, 
which combines with carbon from reaction gas of CF and 
liberates F So that the F radical concentration is increased. 

In addition to adding a different gas to achieve a desired 
Selectivity, the same result is achieved by using a commer 
cially available electrode made from either Silicon or graph 
ite materials for varying the F.C ratio. Silicon works to 
dissipate the F radical concentration while graphite provides 
the carbon source to vary the F:Cratio. The electrodes erode 
with time thus affecting the etch rate of silicon dioxide. The 
rate may increase or decrease as the electrode is consumed. 

The gap dimension and parallism between the two elec 
trodes are critical calibration Steps that are performed manu 
ally during machine maintenance. This procedure is Suffi 
cient for non-consumable electrodes due to its planar and 
Smooth Surface, however, when using consumable 
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2 
electrodes, the profile erodes forming a concave shape with 
enlarged gas distribution holes thereby precluding accurate 
calibration. 

SUMMARY OF THE INVENTION 

The present invention provides a method and apparatus to 
improve process control and Selectivity during plasma etch 
ing of Semiconductor Substrates when using consumable 
electrodes. 

It is a primary object of the present invention to improve 
etch rate by providing an in-process feedback that is used for 
updating gap counts for automatically driving a gap driver 
for adjusting the gap height to a home position for consum 
able electrodes. 

It is another object of the present invention to further 
improve the etch rate by providing a method and apparatus 
for monitoring and holding the gas pressure gradient 
between electrodes to a desired and constant value. 

In accordance with the objects of this invention, a new 
method is provided to improve process control during 
plasma etching of Semiconductor materials. Gap height can 
be automatically adjusted on-line or off-line. On-line 
denotes that the gap controller adjusts the gap height assur 
ing the upper electrode gap pressure (GP) equals set point 
for each part before the etch proceSS begins. Off-line denotes 
that adjustment is done only after a preset number of wafers 
have been processed. When the preset number of wafers are 
completed and the GP Still equals the set point (meaning the 
electrode gap is still within an acceptable gap dimension), 
the wafer count is reset to Zero and the etching process 
continues without need to reset the gap height. 
Two capacitance manometers are used, to obtain and 

control the pressure gradient between the upper and lower 
electrodes. The first manometer Senses the chamber preSSure 
and provides pressure feedback to a pressure controller that 
adjusts a throttle valve to proportionately maintain a con 
Stant chamber pressure. A Second manometer is used to 
provide gap pressure feedback to a gap controller thus 
converting the upper electrode gap pressure into dimen 
Sional gap counts used for driving the gap driver to a new 
position. The etching process does not start until the CP and 
GP meet set point. The desired control options, on-line or 
off-line, gap height, tolerances, CP, GP, and wafer count can 
be written in proceSS recipes or installed in equipment 
configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary cross-sectional view of a portion 
of a plasma etching apparatus showing the present invention 
improvements. 

FIG. 2 is a view of the present invention looking at the 
underSide of the upper electrode. 

FIGS. 3A and 3B are flow sheets of the on-line and 
off-line process of the present invention. 

FIG. 4 illustrates a partial front elevation view of a new 
pair of electrodes of the prior art and of the present inven 
tion. 

FIG. 5 illustrates a partial front elevation view of a used 
consumable upper electrode of the present invention. 

FIG. 6 is a schematic of the reactive ion etch chamber 
used for the proceSS Study of this invention. 

FIG. 7 is a plot, of the present invention, of etch rate 
(angstroms/minute) versus the number of wafers processed. 

FIG. 8 is a plot, of the present invention, of the correlation 
of gap count and gap pressure verSuS the number of wafers 
processed. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An aspect of the present invention comprises a method 
and an apparatus for controlling the etch rate of a Semicon 
ductor wafer utilizing consumable electrodes in a plasma 
etching apparatus. Some of the upper electrodes are 
designed to react with ionized gas to increase Selectivity, for 
example, Silicon doped with boron is used in the Silicon 
dioxide (SiO2) etching process. Because the upper elec 
trode's Surface wears, its parallism and planarity relation to 
the bottom electrode is diminished with time and requires 
periodic replacement. Since most of the present processes 
use a fixed distance between the upper and lower electrodes, 
the pressure gradient between them becomes an important 
component in preserving etch rate in a pressure dominant 
process. While the upper electrode is consumed, the pressure 
gradient between electrodes shifts, thereby, affecting the 
etch rate. To counteract the effects of upper electrode 
consumption, gap height adjustment is necessary. 

Referring now to the drawings, and FIG. 1 in particular, 
there is illustrated a plasma etching apparatus or chamber 3 
is generally indicated comprising a chamber wall 6, evacu 
ation ports 18 and 19 which are connected to throttle valve 
20 to an external pumping Source 22 to maintain the desired 
pressure in chamber 3 and at least one interlock 15 through 
which a wafer 10 can be introduced into chamber 3. Within 
chamber 3 is an rf Source (not shown) and an external power 
Supply (not shown) that are used to generate the plasma field 
9, and a wafer Support pedestal resting on the bottom 
electrode 5 upon which a wafer 10 is positioned for etching 
by the plasma generated by the rf Source. An inlet port 21 is 
also provided in chamber wall 6 for admission of process gas 
into etching chamber 3 from an external process gas Source 
(not shown). 

In accordance with the invention, means are provided for 
adjustment of gap height 50 by either on line or off-line 
process adjustment modes contained in Set point control box 
41. The pressure gradient within the gap height 50 is used as 
feedback given by two manometers. The first manometer 8 
senses the pressure within the chamber by way of port 17 
and is controlled by pressure controller 34 via throttle valve 
20. This preSSure is widely used as the process preSSure 
representing the pressure around the lower electrode 5 and 
wafer 10. The second manometer 7 senses the pressure 
between the upper 4 and lower 5 electrodes within the 
plasma field gap 9. Referring now to FIG. 2, illustrating the 
underSide Surface of the upper electrode 4, the average 
preSSure between the upper and lower electrode is transmit 
ted from three ports 11,12,13 into pipe 1 and thereon to the 
gap controller 33. The three ports are equally spaced on the 
face of the upper electrode clamp 16 dividing the circle into 
120 between port centers to produce a uniform pressure 
feedback between the electrodes. The pressure feedback is 
used to drive the gap driver 32 via gap controller 33. Based 
on this feedback, the gap controller repeatedly calculates 
new gap counts for the gap driver 32 to drive the gap 
assembly to a destined position. The etching process will not 
begin unless both the chamber and gap pressures match 
preset process parameters. The desired control options 
on-line or off-line, gap height tolerances, chamber and gap 
preSSures, and wafer count can be set in proceSS recipes or 
equipment configuration. 

The on-line and off-line process flow charts are rendered 
in FIGS. 3A and 3B. The on-line process 61 shown in FIG. 
3B provides gap height compensation for each wafer before 
the etching proceSS begins by comparing the gap preSSure to 
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4 
the gap set point pressure. The off-line process 60 differs 
Since the process continues until the preset wafer count 
reaches a preset count and then, and only then, is the gap 
preSSure compared to the gap Set point pressure. If the gap 
preSSure is not in agreement with the Set point pressure, then 
the gap driver readjusts the gap in response to the gap 
controller. If the gap pressure is in agreement, the wafer 
count is reset to Zero and the proceSS continues. 

Process Selectivity is a major consideration of the present 
invention with methods to neutralize the effects of electrode 
consumption on etch rate during certain etching processes as 
in contact, via, or in SOG etching. Comparing FIG. 4 with 
FIG. 5 typifies the erosive effects when using consumable 
electrodes materials. FIG. 4 illustrates an unused consum 
able upper electrode 4 having a uniform and parallel gap 71 
relative to lower electrode 5. FIG. 5 embodies the reduced 
Surfaces of upper electrode 4 in the active etching areas after 
prolonged use. The concave Surface of the upper electrode 4 
and enlarged gas distribution holes 24, though exaggerated, 
are indications of the wearing results of the plasma etching 
process. Dimensions of gap 72 and gas distribution hole 
diameters 24 in FIG. 5 are no longer equal to gap 71 and gas 
distribution hole diameters 23 in FIG. 5. 

FIG. 4, in a Self explanatory manner, also illustrates the 
contrapositive effect of non-consumable electrodes, that is, 
no change in gap 71 or in the gas distribution hole diameters 
23 after prolonged use. 
One important factor of plasma etching is the chamber 

preSSure that is monitored by a manometer giving feedback 
to a pressure controller for opening or closing a throttle 
valve to stabilize the desired chamber pressure. The second 
important factor is the gap height, the distance between the 
upper and lower electrodes preset to a given value and 
driven by a gap driver. Because of the erosion of the upper 
electrode, the preset gap height is no longer the desired 
value. Although the chamber pressure can be controlled at 
Set point, the pressure gradient between the upper and lower 
electrodes has changed. The preSSure gradient represents the 
dynamics of chamber gas flow. AS the preSSure gradient 
changes, etching time increases or reduces. 

Referring to FIG. 6, tests were conducted using a Lam 
Research Rainbow Model 4520 Reactive Ion Etcher 81. The 
chamber 82 included a 400 kHz. RF source with a split power 
configuration (not shown), a Silicon upper electrode 83, an 
anodized lower electrode 84, a gas inlet line 88, a gap driver 
89, a dry pump 87 for chamber vacuum, a top-side clamp 
System and two (10 torr) capacitance manomometers 85 and 
86. Manometer 86 is used as chamber pressure feedback to 
control chamber pressure via pressure controller and throttle 
valve control (not shown). Manometer 85 is designed to 
monitor the Stability of plasma confinement by monitoring 
the preSSure around the upper electrode 83. Since the Sensing 
port 90 is immediate to the upper electrode it also precisely 
measures the preSSure changes associated with upper elec 
trode wear. 
AS previously Stated, manometer 85 designed for Sensing 

plasma confinement Stability, is used in this test to Sense the 
preSSure around the upper electrode for interpolating upper 
electrode wear thus validating a primary object of this 
invention. 

The test includes 3,500 wafers. During the first wet clean 
cycle, the gap pressure, (upper electrode pressure) is 
observed and the relation between gap pressure and etch rate 
is recorded. A gap pressure value is chosen for an etch rate 
of 4500 angstroms/min. The gap pressure value was chosen 
as a process parameter for continuous wet clean cycles. The 
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electrode is consumed with increasing RF process time 
affecting the gap pressure and etch rate. To maintain the gap 
preSSure within the process parameter, the gap height was 
adjusted within a limited available range. Etch rate and etch 
uniformity were checked after every 500 wafers processed 
based on a controlled gap pressure. 

The etch rate 92 and gap pressure 91 trends are plotted in 
FIG. 7. During the first wet clean cycle, the gap preSSure was 
324 mtorr, the etch rate at 4700 angstroms/minute. At the 
Start of the Second cycle, the gap height was reduced by 10 
counts or 0.1 mm, the gap pressure had reduced to 312 mtorr 
and the etch rate between 4500 and 4600 A/min. The ratio 
between gap height, gap pressure(GP) and etch rate is 
1:1.2:10 respectively. Based on this ratio, the gap height is 
reduced by 4 counts(0.04 mm) during the third cycle. The 
gap pressure(GP) was 312 mtorr, and etch rate reduced by 50 
A/min. or 4500+50 A/min. The total gap height reduction 
between the first and third cycle was used as a basis for 
establishing the set point for the GP of 315+5 mtorr. After 
four cycles or 14,000 processed wafers, the upper electrode 
is replaced at its expected Serviceable life. The new elec 
trode with its smooth surface affects the GP. The gap height 
is increased to 0.11 mm (11 counts) to maintain the GP at the 
established set point of 315 mtorr. FIG. 7 depicts a signifi 
cant correlation between etch rate and the GP, Suggesting 
that the etch rate be controlled by the GP at an established 
range. 

FIG.8 plots the relation between gap count 97 and GP96 
during the wet clean cycle, with the gap count held at a 
constant value. However, GP varies with increasing number 
of wafers processed indicating gap height adjustment is 
necessary. Adjustment is done after every 500 wafers are 
processed. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made without 
departing from the Spirit and Scope of the invention. 
What is claimed is: 
1. A plasma assisted chemical etching apparatus for doing 

etching operations on the Surface of Semiconductor wafers, 
comprising: 

a) a vacuum chamber; 
b) a means for generating a plasma field between a 

moveable upper consumable electrode and a Stationary 
lower non-consumable electrode within Said vacuum 
chamber; 

c) an interlock means for passing a wafer into said 
Vacuum chamber; 

d) a wafer Support means contiguous to an upper Surface 
of the lower non-consumable electrode, 
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6 
e) a first port means connected to a throttle valve and to 

an external pumping Source; 
f) a second port for communicating with trifurcated ports 

disposed circularly and Spaced equally on the underSide 
of an annular upper electrode clamp; 

g) a third port means for admission of a process gas from 
an external Source; 

h) a first manometer means connected externally to the 
first port to Sense the vacuum chamber pressure adja 
cent Said lower non-consumable electrode, 

i) a first pressure controller implementing a pressure 
feedback communicated by Said first manometer 
means, 

j) a throttle valve which is actuated by Said first pressure 
controller to equalize the vacuum chamber pressure to 
a preset process parameter; and, 

k) a Second pressure manometer mounted to said Second 
port to communicate pressure from Said trifurcated 
ports to a gap controller that repeatedly computes new 
gap counts based on preSSure feedback from Said 
Second manometer. 

2. The plasma assisted chemical etching apparatus 
according to claim 1 wherein Said feedback from Said first 
and Second pressure manometers is applied to hold constant 
a gap pressure between the upper consumable and lower 
non-consumable electrodes using the pressure controller and 
the gap controller. 

3. The plasma assisted chemical etching apparatus 
according to claim 1 wherein feedback from Said first 
preSSure manometer controls the vacuum chamber preSSure 
to within a predetermined process parameter. 

4. The plasma assisted chemical etching apparatus 
according to claim 1 wherein feedback from Said Second 
preSSure manometer is repeatedly converted to gap adjust 
ment counts by a gap controller and used to automatically 
drive the upper consumed electrode to a new position by a 
gap driver and to make the new position conform to a 
predetermined ideal gap dimension. 

5. The plasma assisted chemical etching apparatus 
according to claim 1 wherein an on-line option to automati 
cally adjust Said gap dimension to assure the upper con 
Sumed electrode's gap pressure equals Set point for each 
wafer before plasma etching begins. 

6. The plasma assisted chemical etching apparatus 
according to claim 1 wherein an off-line option to automati 
cally adjust Said gap dimension assuring upper consumed 
electrode's gap pressure equals Set point after a preset 
number of wafers are etched. 


